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THE DRAG OF S T R E A X L I X E  WIRES 

By Eas tmar?  N. J a c o b s  

P r e l i m i n a r y  r e s u l t s  a r e  g iven  o f  drag t e s t s  of s t rear i -  
l i n e  w i r e s .  F u l l - s i z e  wi res  were t e s t e d  ove r  a wide r ange  
o f  speeds  in t h e  N.A.C.A. high-speed t u a n e l .  The r e s u l t s  
a r e  thus d i r e c t l y  a p p l i c a 3 l e  t o  f u l l - s ca l e  problems and 
inc1ud.e any c o m p r e s s i b i l i t y  e f f e c t s  encoun te red  a t  t h e  
h igh  e r sp e ed s . 

The r e s u l t s  show how p r o t u b e r a n c e s  aay  be enployed on 
c o n v e n t i o n a l  s t r e a m l i n e  w i r e s  t o  r e d u c e  the  drag ,  and a l s o  
show how the  c o n v e n t i o n a l  w i re s  compare w i t h  o t h e r s  h a v i n g  
s e c t i o n s  more l i k e  s t r u t  o r  symmetr ica l  a i r f o i l  s e c t i o n s .  

Because t h e  new mi re  s e c t i o n s  deve loped  a re  markedly 
s u p e r i o r  a e r o d g n a z i c a l l y  t o  c o n v e n t i o n a l  wires ,  i t  i s  rec- 
ommended tha t  some o f  them be t e s t e d  in s e r v i c e  i n  o r d e r  
t o  i n v e s t i g a t e  t h e i r  r e l a t i v e  s u s c e p t i b i l i t y  t o  v i b r a t i o n  
and  t o  f a t i g u e  fa i lure .  

INTRODUCTION 

Al though t h e  drag of  the  l e n t i c u l a r  s e c t i o n  comuonly 
enyloyed  f o r  s t r e a u l i n e  wi re s  has been known f o r  many 
y e 2 r s  t o  be r a t h e r  l a r g e  a s  compared w i t h  t h a t  o f  t h e  bes t  
s t ru t  s e c t i o n s ,  f l o w  o b s e r v a t i o n s  ma2e r ecen t l a -  i n  t h e  
N.A.C.A. smoke t u n n e l  a g a i n  c a l l e d  p a r t i c u l a r  a t t e n t i o n  t o  
t h e  f a c t  tha t  the flow about  t L e  l e n t i c u l a r  s e c t i o n  s h o y d d  
b e  c o n s i d e r e d  u n s a t i s f a c t o r y .  S e p a r a t i o n  o f  t h e  f low f r o m  
t h e  s u r f a c e  may occur  nearly n s  f a r  fo rward  as  n i d  s e c t i o n ,  
leaving a wide dead-a i r  r eg ion  2nd a t u r b u l e n t  meke. Pro- 
t u b e r a n c e s  mere p l a c e d  o n  the l e n t i c u l a r  s e c t i o n  w i t h  t h o  
e x p e c t a t i o n  t h a t  t he  tur'onlence c r o a t e d  by them mould ,  by 
s c o u r i n g  o u t  t h e  dead a i r ,  ilnprove t h e  e n t i r e  f l o w .  Ob- 
s e r v a t i o n s  o f  t h e  flow about  au en la rged  r o p l i c a  o f  a 
s t r e a u l i p o  miro  ( c  f= 10 i n c h e s )  i n  t h e  smoke t u n n e l  ( s e e  
f i g .  1) i n d i c a t e d  that t h e  f l o w  w a s  d e f i n i t e l y  inp roved  
by t h e  a d d i t i o n  o f  p r o t u b e r a n c e s ,  3 u t  t h e  d rag  cou ld ' s io t  
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be i n f e r r e d  from t h e  f low o b s e r v a t i o n s  w i t h  s u f f i c i e n t  ac- 
curacy  t o  p e r m i t  t h e  d e t e r n i a a t i o n  o f  t h e  optimum pro tu -  
berance  s i z e ,  p o s i t i o n ,  and’ shape.  

Fol lowing t h e s e  i n v e s t i g a t i o n s  t h e  Bureau of Aero- 
n a u t i c s ,  Xavy D e p a r t n e n t ,  r e q u e s t e d  t h e  i ? . A . C . A .  t o  make 
compara t ive  d rag  t e s t s  of s t a n d a r d  s t r e a m l i n e  w i r e s  and 
of t w o  new ones s u p p l i e d  by t h e  Navy Department and h e r e  
d e s i g n a t e d  as B w i r e s ,  one hav ing  a s t r u t - t y p e  s e c t i o n  o f  
normal f i n e n e s s  r a t i o  and t h e  o t h e r  a s e c t i o n  of s m a l l  
f i n e n e s s  r a t i o .  Th i s  r e q u e s t  r e s u l t e d  i n  t h e  combining o f  
t h e  i n v e s t i g a t i o n s  and  t h e  t r a n s f e r r i n g  of tBe t e s t s  t o  
t h e  high-speed wind t u n n e l ,  where f u l l - s c a l e  w i r e s  c o u l d  
be t e s t e d  a t  f u l l  speed  and  t h e  drags a c c u r a t e l y  measured. 
A t e s t  program was f o r m u l a t e d  and  ex tended  t o  i n c l u d e  t h e  
i ‘ n v e s t i g a t i o n  of v a r i o u s  w i r e  s e c t i o n  shapes.  The - re -  
s e a r c h  i s  n o t  y e t  comple t e ,  t h i s  r e p o r t  be ing  a pre l im-  
i n a r y  one p r e s e n t i n g  t h e  r e s u l t s  obte- ined t o  d a t e .  

WIRE S E C T I O N S  . .  

Two s t r e a m l i n e  w i r e s  hav ing  l e n t i c u l a r  s e c t i o n s  were 
u s e d  i n  t h e  i n v e s t i g a t i o n .  The f i r s t ,  which w i l l  be re- 
f e r r e d  t o  as t h e  s m a l l  s t a i ida rd  m i r e ,  w a s  a nominal  5/16- 
i n c h  s t r e a n l i n e  mi re  that  had  been i n  s e r v i c e  and  w a s  n o t  
r e f i n i s h e d  b e f o r e  t e s t i n g .  The measured s e c t i o n  i s  shomil 
on f i g u r e  2. The o t h e r  one i s  r e f e r r e d  t o  as t h e  l a r g e  
s t a n d a r d  w i r e ,  and was a s p e c i a l l y  made model hav ing  t h e  
S.A.E. s p e c i f i e d  shape ( r e f e r e n c e  1) bu t  of t h e  same s i z e  
as  a s e r v i c e  nominal 1 /2 - inch  s t r e a m l i n e  mire .  A s  com- 
p a r e d  wi th  t h e  s m a l l  s t a n d a r d  w i r e  i t  t h e r e f o r e  had  a re l -  
a t i v e l y  a c c u r a t e  form and a smooth s u r f a c e .  T l i i s  m i re  i s  
t h e  one t h a t  was t e s t e d  w i t h  p r o t u b e r a n c e s ,  which c o n s i s t -  
ed o f  small round w i r e s  s o l d e r e d  a l o n g  i t s  s u r f a c e s .  

The t w o  B mires  have  s e c t i o n s  s i m i l a r  t o  s t r u t  sec-  
t i o n s ,  as shown by t h e  p r o f i l e s  dram1 i n  f i g u r e  2 p l o t t e d  
d i r e c t l y  f r o m  measurements of t h e  s e c t i o n s  from a n  arbi-  
t r a r y  a x i s .  The one t h a t  mill be r e f e r r e d  t o  as t h e  t h i c k  
B s e c t i o n  has a s m a l l  f i n e n e s s  r a t i o ,  and  t h e ’ a t h e r , .  t 3 e  
t h i n  B s e c t i o n ,  h a s .  app rox ima te ly  a noriaal  f i n e i l e s s  r a t l o  
f o r  a s t r e a m l i n e  mire .  
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Tlic a c w  s c c t i o n s  i i 1vcs t iga t ed  were deve loped  f r o m  
t h e  13.A.C.A. f a n i l y  of a i r f o i l s ,  t h e  s e c t i o n  nunbers  be- 
i n g  as  f o l l o m s :  

I .  N.A.C.A. 3025-34 

. X.A.C.A.  5025-63 

N.A.C.A. 0025-64 

IT. A .  C . A  . 5025- 65 

The 0025 d e n o t e s  a symmetr ical  a i r f o 5 . l  o f  t h i c k n e s s  3 . 2 5 ~  
( f i n e n e s s  r a t i o  4 ) .  The numeral 6 f o l l o w i n g  t l ie  das3 Be- 
a o t e s  t h e  normal leading-edge r a d i u s ,  a n d  t h o  nuriieral 3 a 
sr?:aller lead ing-edge  radius. TLe l a s t  f i g u r e  d e n o t e s  t l ie  
d i s t a n c e  fron!  tLe l e a d i n g  edge t o  t h e  p o s i t i o n  o f  maximun 
t h i c k n e s s  e x p r e s s e d  i n  t e n t h s  o f  t h e  chord.  These pro-  
f i l e s  a r c  i n c l u d e d  i u  f ' i gn re  7 .  So;m f a p o r t a n t  g:co!mtri- 
c a l  c h a r a c t e r i s t i c s  o f  a l l  t h e  s e c t f o a s  i n v e s t i g a t e d  and  
t h o  o r d i n a t e s  of  t i le X . A . C . B .  0025- ;3  p r o f i l e  a r c  gfvon 
i n  t a b l e  I. 

TESTS 

The t e s t s  were &de i r -  t h e  L.A.C.A. l i igh-speed tun- 
nel, a d e s c r i p t i o n  o f  which map be  fouxd i n  r e f e r e n c e  2. 
The w i r e s  t7ere a r r a n g e d  t o  pass  t h r o u g h  tize 11-inch-diam- 
e t e r  c l o s e d  a i r  stream o f  t h e  t11ine1, and  mere rnouDted 03 
t h e  s p e c i a l  b a l a n c e  i n  such a way t k a t  t e n s i o n  c o x l d  be 
a p p l i e d  t o  them. Obse rva t ions  o f  tho d r a g  and dynan ic  
p r e s s u r e  mere t a k e n  a t  uni form increriel-i ts  o f  B/Vc, where 
V c  i s  t he  v e l o c i t y  o f  sonnd.  

RES'JLTS 

The r e s u l t s  a r e  p r e s e n t e d  i n  f i g u r e s  3,  4 ,  5 ,  6 ,  and  
7 ,  as c u r v e s  of t h e  d r a g  c o e f f i c i e n t  a g a i n s t  Reynolds  XUE- 
b e r ,  and t l ie  'speed i s  shown by numbers on t l ie  p l o t t e d  
p o i n t s  i n d i c a t i n g  t h e  va lue  of t l ie  r a t i o  of I n  o r -  
d e r  t o  f a c i l i t a t e  t h e  comparisoa of mires of equa l  s t r e n g t h ,  
t h e  area u s e d  i n  c a l c u l a t i n g  t h e  d r a g  c o e f f i c i e n t  i s  
( 1  J c r o s s - s e c t i o n a l  a r e a ) ,  n h e r a  1 i s  t he  l e n g t h  of t h e  
m i r e  exposed t o  the a i r  s t ream. S i m i l a r l y ,  f o r  t h e  

v/v,. 

____ ____ - 
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Beyilolds Xunber, t h e  s q u a r e  r o o t  o f  tLe  c r o s s ~ s c c t i o n a l  
a r e a  i s  u s e d  as  t h e  c h a r a c t e r i s t i c  dii.ierssion.. TLus, oqual  
d r a g  c o e f f i c i e n t s  co r re spoxd  t o  equn l  d r a g s  f o r  v i r e s  hav- 
i n g  approx ima te ly  equa l  s t r e u g t h s ,  .axd s i x i l a r l y  equa l  
Reynolds Yumbers corrcspoi ld  t o  eqxa l  v e l o c i t i e s  f o r  m i r e s  
of  equal  s t r en , s ths .  The d r a g s  ncd rie:raolds Xurnbors a r e  
t h e r e f o r e  co rpu t  ed f r o r  t h e  f o r t i v l a s  

--_ ___.__ - - .  _ _ _  __  ___ 
i C r o s s - s e c t i o s a l  a r e a  p v i  D = C D  -- 

2 . .  
________ - ___ --.___ 

R = v./ __ _ _ _  c r o s s - s e c t i o n a l  __________ _____ _ _ _ _ _  area 
7 .  

wkcro CD and I? a r e  t h e  d r a g  c o e f f i c i e n t  and  t h e  ,9e;-izJlds 
"LLTilbcr, r e s 2 e c t i v e l y ,  1 i s  t i le l eng th  o f  t h e  w i r e ,  p 
t h e  iliass deasit ; .  of t h e  a i r ,  and v t h e  k i n e m a t i c  v i s c o s -  

. i t y ,  Ths a r e a s  a r d  ler,gt;is as w a l l  as tLe  o t i e r  qua;iti- 
t i e s  mist ,  of oo-.irse, kc expres sed  i n  cons is te - l i t  u n i t s .  
I t  should a l s o  be n o t e d  t h a t  .if, t.he d a t a  arb e q l o y c d  t o  
d e t e r n i n e  t h e  d rag  o f  w i r e s  a t  v e r y  h i k h  s reeds  Cild u n d e r  
any  ;:iven a t n o s p h e r i c  c o n d i t i o n s ,  t h e  cu rves  as p l o t t c d -  
caAlizot be talcon t o  g i v o  c o r r o c t l y  tLo d r a g  coo1'Picie;lt 
a t  n given  Reynolds ::umber f o r  a priro o f  t h e  s i z o  t o s t o d ,  
but  apply  a c c a r a t e l y  Oilly t o  m i r e s  f o r  wi!ch t l io Reynolds 
Kumbcr and V / V c  . r a t i o  o f  t i l o  t e s t s  aro b o t h  rcprodnccd .  

DI SCsj SS IOX 

Standa rd  _ _  ni.r-_e_g.- I n  r e fe re l i ce  t o  t h e  c u r v e s  i n  f i g u r e  
3, r c p r e s e r t i n g  t h e  d r a g s  of t h e  s t a n d a r d  l e n t i c u l a r -  
s e c t i o n  w i r e s ,  a corngarison o f  t h e  c u r v e s  f o r  t k e  t w o  
n i r c s  i n d i c a t e s  t h a t  t h e  d r a g  nay  be t o  a c o n s i d e r a b l e  ex- 
t e i l t  dependent 951 t he  a c c u r a c y  o f  t h e  s e c t i o n  f o r m  sa$. t h e  
c o n d i t i o n  of i t s  si lrface, ,  The L i g h e r  d rag  o f  t h e  s - n a l l e r  
w i re  a t  t h o  h i g h  Rej.ilolds iTunbers may, however,  be diie t o  
c e r t a i n  c o x p y s s s i b i i i t y  e f f e c t o  that  Eay o c c u r  a t  l o n e r  
specds  f o r  t h o  s m a l l e r - w i r e .  Tlic d r a g  of t h e  l a r g e r  w i r o  
d rops  f r o m  a c o o f f i c i e n t  o f  a p p r o x i n a t e l y  0.2 a t  a Reynolds 
Number. o f  20,000 to a p p r o x i m a t e l y  0.09 a t  a Re;;.nolds Fum- 
b e r  of 70 ,000 .  , T h i s  r ange  of t h e  Seynolds  2P,mber co r re -  
sponds t o  speeds betmeen 79 ai:d 2 7 5  m i l e s  p e r  hour f o r  a 
nominal  1 /2- inch  s t r e a m l i n e  w i r e  f o r  s t a a d a r d  a tmosphor i c  
c o n d i t i o n s  a t  s e a  l e v e l .  
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A conpar l son  o f  tk?ese r e s u l t s  w i t h  t h e  r e s u l t s  o f  
some drag measurements o f  s t r e a n l i n e  w i r e s  made s e v e r a l  
y e a r s  ago  i n  t h e  F.A.C.A. v a r i a b l e - d e n s i t y  tu i ine l  ( r e f e r -  
ence 3) may be o f  some i n c i d e n t a l  i n t e r e s t .  The corapari- 
son shows f a i r l y  s a t i s f a c t o r y  agreement  except  t ha t  t h e  
$ r e s e n t  r e s u l t s ,  which a r e  f r o m  t e s t s  i n  t h e  comparat ive-  
l y  n o n t u r b u l e n t  a i r  s t r e a n  o f  t h e  h i&-speed  t u n n e l ,  show 
t h o  drop o f  t h e  drag c o e f f i c i e n t  t o  occur  a t  v a l u e s  o f  t h e  
Beynolds  Number abou t  70 pe rcen t  h i g h e r .  

3 wires . -  R e f e r r i n g  again t o  f i g u r e  3, i t  i s  seen  
t ha t  t h e  t h i c k  B w i r e ,  owing t o  i t s  e x c e s s i r e  drag ,  i s . o f  
l i t t l e  i n t e r e s t .  The t h i n  B w i r e ,  however,  g i v e s  a con- 
s i d e r a b l y  lower &rag  than  e i t h e r  s t a n d a r d  w i r e ,  although 
o t h e r  t e s t s  t o  be disc7Lssed l a t e r  i n d i c a t e  that  b e t t e r  
w i r e s  may be  developed. T e s t s  were mada t o  i n v e s t i g a t e  
t h o  t h i n  B w i r o  a t  s m a l l  a n g l e s  o f  a t t a c k .  The r e s u l t s ,  
which a r e  shown i n  f i g u r o  4, l i k e  o t h e r  r e s u l t s  o b t a i n e d  
f o r  a s t a n d a r d  n i r o  which mas a l s o  t e s t o d  a t  a f o w  s n a l l  
a n g l e s  of  a t t a c k ,  i n d i c a t o  that t h o  drag may be somomhat 
reduced  a t  t h e  lower v a l u e s  o f  t h e  Reynolds Wumber. The 
dissymmotry o f  t h e  curves  a t  n e g a t i v o  and p o s i t i v e  a n g l e s  
i s  p roba3 ly  due t o  dissymmetry o f  t h e  soc t ion .  (See  f i g .  
2.) 
measured were determined wi th  r e s p e c t  t o  90 V b locks  
c l anped  on t h e  w i r e s  a t  t h e  l e a d i n g  ar,d t r a i l i n g  edges. 

The a x e s  o f  t h e  s e c t i o n s  f r o m  which t h g  a n g l e s  were 

Pro tuberances . -  One o f  t h e  d rag  curves  shown i n  f i g -  
u r e  3 i n d i c a t e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  l a r g e  s t a n d a r d  
w i r e  w i t h  t h e  optimum p r o t u b e r a a c e  arrangement  found as a 
r e s u l t  o f  t h e s e  t e s t s .  The p r o t u b e r a n c e s  c o n s i s t  of  t w o  
O0004c-diameter round mires  s o l d e r e d  a l o n g  t h e  s u r f a c e  
o f  t h e  main w i r o  a t  t h e  mid-sec t ion  p o s i t i o n .  These re- 
s u l t s  show that  t h e  drag o f  t h e  l e n t i c u l a r  s e c t i o n  mag be 
made t o  approach  that o f  a s t r e a m l i n e  s e c t i o n  by t h e  addi- 
t i o n  o f  p ro tube rances .  The r e s u l t s  o f  va ry ing  t h e  p ro tu -  
be rance  s i z e  ( f i g .  5 ) ,  which a r e  f r o m  t e s t s  w i t h  t h e  p r o -  
t u b e r a n c e  l o c a t e d  a t  t h e  qua r t e r - chord  p o s i t i o n ,  i n d i c a t e  
that  t h e  s m a l l e s t  p ro tube rance  i s  t h e  n o s t  s a t i s f a c t o r y .  
The e f f e c t s  o f  t h i s  p r o t u b e r a x c e  were t h e n  s t u d i e d  as t h e  
p r o t u b e r a n c e  p o s i t i o n  was v a r i e d  a s  shown i n  f i g u r e  60 
The’se r e s u l t s  i n d i c a t e  tha t  t h e  I s id-pos i t ion  i s  t h e  m o s t  
s a t i s f a c t o r y ,  which is very f o r t u n a t e  because i t  i s  by 
f a r  t h e  most  p r a c t i c a l  p o s i t i o n  f r o m  t h e  s tandj?o in t  o f  
t h e  n a n u f a c t u r e r  o r  o p e r a t o r .  

S p e c i a l  sectip_u_g.- The c L a r a c t e r i s t i c s  o f  t h e  new 
s t r e a m l i n e  wi$e s e c t i o n s  developed f r o m  t h e  N . A . G . A .  fan- 
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i l y  of a i r f o i l s  a r e  conparcd. w i t 3  t i e  c h & a c t e r i s t i c s  of 
t h e  s t a n d a r d  l e u t i c u l a r .  s e c t i o n  i n  Z i g u r e  7. Tliese re-  
s u l t s  i n d i c a t e  , t h a t  t h e  p o s i t i o n  of 13aximv.m t h i c k n e s s  f o r  
t h e  s e c t i o n  shou ld  bg w e l l  f o r w a r d y  as  snnmn by t h e  f a c t  
that the 0025-63 s e c t i o n  g i v e s  t h o  S e s t  c 1 ; a r a c t e r i s t j . c ~ .  
I t  w i l l  be no ted  that t h i s  secCvion i s  mariiedly s u p e r i o r  
t o  t h e  s t a n d a r d  l o a t i c u l a r  s e c t i o n  f o r  a l l  Reynolds  3urn- 
b e r s  and speeds  mithin t h o  u s e f u l  rango.  I n  o t h e r  w Q r d S ,  
uvoa when t h e  l o n t i c u l a r  s e c t i o n  i s  o p e r a t i n g  F i t  i t s  n in-  
inum d rag :coc f f i c$e : i t  a f u r t h e r  r e d u c t i o n  i n  d rag  .of  ap- 
p r o x i m a t e l y  40 p e r c e n t  is p o s s i b l e  by s u b s t i t n t f n g  t h o  

ove r  t h e  l e n t i c u l a r  s e c t i o n  w i t h  p r o t u b c r a n c o s  a r e  l e s s  
marked, honeve r ,  a i d  o t h e r  a d v a n t a g s s  o f  t h c  lo : -At icu lar  
6 0 C t i O i 1 ,  i a c l u d i n g  i t s  f o r e  a i d  a f t  symmetry p e r m i t t i x g  
te i i s ion i i ig  a d j u s t n e z t s  t o  bo nado i n  t i a l f - t u r n  s t o p s ,  
w i l l  p robab ly  d i c t a t e  t h o  i m o d i a t o  a d o p t i o n  o f  t h o  scc- 
t i o n  nrith p r o t u b e r a L c e s  i n  p r e f c r e s c c ,  t o  ar- a i r f o i l  sec- 
t i o x .  

.I- 

I u ,A. : . A e  0025-63  s e c t i o n .  The advalztages o f  t h i s  s e c t i o n  

I 
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I t  i s  recommended t h a t  m i r g s  'naving t h e  l e n t i c u l a r  
s e c t i o n  w i t h  prQtUberni2COs a-id w i r e s  hav ixg  t h e  N;-$.C.A. 
0025-63  s o c t i o i l  l e  givei i  s c r v i ( * e  t e s t s  i:i order  t o  d e t e r -  
mine whether o r  n o t  t h e y  a r e  n o r e  subj .ect  t o  v i b r a t i o i i  o r  
t a  f a t i g u e  f a i l u r e  t h a n  s t a n d a r d  s t r e a s l i i i e  m i r e s ,  

I 

Laiigley !len:orial q e r o n a u t i c a l  L a b o r a t o r y ,  . .  
. N a t i o n a l  Advisory Committee f o r  A e r o r a u t i c s ,  1 

Langley F i e l d ,  V a . ,  Novegbcr 6 ,  1933.  
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TABLE I 

CROSS-SECTION AREAS AiiD FINEKESS RATIOS 

i n  te rms  o f  t h e  chord c, and  tise th i ck i l e s s  t 

1 Area I F i n e n e s s  - C Iiio d e l  
I . t  

Tk in  B m i r e  
Thick  B w i r e  
5/16-incls s t a i lda rd  w i r e  
1/2- inc: i  s t a n d a r d  w i r e  
N.A.C.A. 0025-34 
N . A . C . A .  0025-63 
X . B .  C.A. 0025-64 
N . A .  C.A. 0025-65 

._____________ --I--. 

Om742 c t I 
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. t i96 c t 
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3.66 
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4.00 
4.00 
4.00 
4.00 

Ord i j l a t e s  o f  t h e  l ? . A . S . B .  0025-63 s e c t i o n  

Ord ina t  e 
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0.0125 
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Figure 3 . -  Drag coefficients for various streamline wires. 
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Figure 4.- CD as affected by small variations of angle of attack 
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Figure 6,  - Vari at i on of protuberance pos i t  ion. 

Numbers on the curves give the value of V/Vc f o r  the point so 
designated. 
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Figure 7.- Variation of section shape 


